A technique which allows determination of solute pool concentrations in the cytosol was developed exploiting the interaction between a polycation and the anionic sites of the plasmalemma. It was shown that treatment of Nicotiana tabacum, cv Xanthi, cells in suspension culture with an appropriate concentration of poly-L-lysine induced pore formation selectively in the plasmalemma. The data presented in this paper shows that the plasmalemma of all the cells was affected while the tonoplast remained undamaged. This conclusion is based on the facts that treatment of the cells with the minimum amount of poly-L-lysine which just abolishes the electrogenic potential (similarly to carbonyl cyanide-p-trifluormethoxyphenylhydrazone and NaN3) induces the leage of only a small fraction of the K' present in the cells. These effects of poly-L-lysine differ from the effects of polymyxin B which induces total leakage of low molecular weight solutes (R. Weimberg, H. R. Lerner, A. PolijakoffMayber 1983 J Exp Bot 34: 1333-1346) and therefore affects also the tonoplast.
It was previously shown that basic polypeptides damage membranes (4, 10) and induce leakage of a limited amount of low mol wt solutes in yeast cells (2) . A similar phenomenon was shown for Nicotiana tabacum cells when treated with poly-Llysine (9) . The Nicotiana cells, however, retained their ability to be plasmolyzed by exposure to 750 mM KCI (9) . The observed leakage of 5 to 10% of the K+ present in the cells by the poly-Llysine treatment could be due either to the complete loss of the solutes from a small fraction of the cells, severely damaged by the treatment, or to the selective effect of the treatment on the plasmalemma of all the cell population. Since pores in the plasmalemma short circuit the electrogenic pump, it should be possible to differentiate between these two possibilities by meas- uring the average PD3 between the cells and the medium. If both the plasmalemma and tonoplast of 5 to 10% of the cell population were affected, the change in potential should not exceed a few per cent since the electrogenic potential is only part of the cell's PD (8) . If, however, all the cells became leaky only at the plasmalemma, then the average PD drop should be equal to the electrogenic potential.
MATERIALS AND METHODS
Growth and Preparation of Cell Suspension. Nicotiana tabacum, cv Xanthi, cells were grown on Gamborg et aL (3) B5 salt medium including the following additions: sucrose, 20 g/l; casamino acids (vitamin free), 600 mg/l; nicotinic acid, 1 mg/I; thiamin HCI, 10 mg/l; pyridoxine HCI, 1 mg/1; m-inositol, 100 mg/l; NAA, 0.4 mg/l; BAP, 0.1 mg/l . The pH of the medium was brought to 5.5. When grown in the presence of salt NaCl was added to the medium, as indicated in the legends to figures. The cells were grown in 100 ml medium in 250 ml Erlenmeyer flasks with continuous shaking (120 rotations/min) in continuous dim light at 26C. Cells were harvested 6 to 8 d after inoculation (beginning of stationary phase).
Since Nicotiana cells tend to form multicellular clumps in the medium and since poly-L-lysine does not diffuse through multiple layers of cells (8) , it was necessary to eliminate the larger clumps by filtration through a 500-,gm screen. The cells remaining in the filtrate were collected on a 40-,m screen and washed with 0.2 mM CaSO4. Finally, cells were resuspended in a medium containing 0.2 mM CaSO4 and 10 mm Mes-BTP buffer (pH 5.8); the Mes was brought to pH 5.8 by addition of BTP. All experiments were carried out in this medium.
Packed cell volume was determined by centrifugation for 3 min at 600g. One ml of packed cells was suspended in 30 ml medium and used for experiments.
Membrane Potential Determinations. Indication of the changes in membrane potential were deduced from the distribution of TPP+ between the medium and the cells (15) . Aliquots of 2 ml of cell suspension were incubated with 16 Mm TPP+ containing 6 x 106 dpm 3H in the absence or presence of compounds affecting membrane potential. At the end of the incubation periods cells were separated from the medium by a filtering centrifugation technique modified from that described by Rottenberg (14) and by Volokita et al (18) . Aliquots of 100 3Abbreviations: PD, membrane potential difference; TPP+, tetraphenylphosphonium; FCCP, carbonyl cyanide-p-trifluormethoxyphenylhydrazone; BTP, bis tris propane (1,3- Calculations. Water volume (WV), which is the total volume ofthe pellet, was calculated in the experiment with tritiated water from 3H dpm in the pellet divided by 3H dpm per Ml of supernatant. The mannitol volume (MV), which is the free space of the pellet, was calculated from 14C dpm (from mannitol) of the pellet divided by 14C dpm per MI supernatant (14) . Cell osmotic volume was defined as mannitol impermeable volume (MIV) and was obtained as in equation 1: MIV= WV-MV (1) The ratio (R) of mannitol impermeable volume to water volume was constant in each experiment (between experiments with different cell batches it varied between 0.3 and 0.5) and was calculated from the above determined volumes: R = MIV/WV mannitol volume, thus obtaining the radioactivity of the extracellular volume. This amount was then subtracted from the total dpm in the pellet giving the net dpm in the cells. To know the concentration of (3H)TPP+ in the cells, the net dpm in the pellet was divided by the cell's volume (mannitol impermeable volume).
Indications of the changes in membrane potential were obtained using the Nernst equation (5):
To calculate the concentrations of ions in the compartments it was assumed that cytoplasm is 5%, vacuole 80%, and cell wall 15%, of total cell volume.
All experiments were carried out at 25°C with constant shaking. 
RESULTS AND DISCUSSION
To show that poly-L-lysine treatment affects only the plasmalemma and not the main osmotic compartment it is necessary to demonstrate that the treatment does not affect the osmotic volume while dissipating the electrogenic potential. For this purpose the effects of poly-L-lysine were compared with those of azide, which is known to inhibit oxidative phosphorylation and thus prevents fueling of the electrogenic pump, and with those of the uncoupler FCCP. It was also compared to the effects of polymyxin B which is known to induce pore formation in all the cellular membranes (21) .
Determination of Osmotic Volume. It took from 1 to 2 min for mannitol to diffuse into the free space as compared to tritiated water which required less than 0.5 min to equilibrate between cells and external medium. Exposure for longer than 2 min showed a slow entry of mannitol into the cells resulting in a lowering ofR (Fig. 1A) . This penetration seems to require energy, since in the presence of NaN3 no apparent uptake of mannitol occurred during 5 min of incubation (Fig. 1 B) .
After preincubation with polymyxin B for 120 min the cells
The fact that R was constant within each experiment permitted the calculation of MIV without the direct measurement of WV (Eq. 3, which was derived from 1 and 2).
The concentration of (3H)TPP+ in the cells was calculated according to equation 4.
(3H)TPP'+n = dpmQ H)TPPpel,, -(dpmsuppe,j,rMV) For calculation of (3H)TPP+ concentration in cells, the dpm in the pellet had to be corrected for the amount of radioactivity in the extracellular volume, or mannitol volume. This was achieved by multiplying the dpm for 1 have lost all oftheir osmotic volume (R = 0) (Fig. IC) . However, in the presence of poly-L-lysine, mannitol did not enter the cells (Fig. ID) .
Determination of Electrogenic Potential and Determination of the Poly-L-Lysine Concentration Inducing Pore Formation Selectively in the Plasmalemma. Membrane potential can be measured either directly, by a microelectrode, or indirectly, by lipophilic cation distribution. The measurements with a microelectrode are usually carried out on a sample of the cell population (1, 6, 11, 17) . To ascertain the effect of poly-L-lysine on a whole population of cells it was necessary to use a method for membrane potential determination adequate for cell populations. The TPP+ technique, although criticized (13) , is widely used and was found adequate (5, 13, 15) . The membrane potential measurements reported here, -65 mV, using the TPP+ method, are compatible with those measured for tobacco cells by the microelectrode technique: -78 mV (6) and -60 to -80 mV (17) inside negative.
The rapid decline in the ratio (3H)TPPi+/(3H)TPPoFut shown in Figure 2 , at concentrations lower than 5 ism is probably due to competition between TPP+ and [3H]TPPI for cell wall binding sites (5) . The following slow decline in the ratio at concentrations higher than 20 AM is probably due to depolarization of the cells by TPP+. In further experiments, therefore, the concentration range of 10 to 20 gM TPP' was used. At these concentrations the two effects were minimal.
For the cell population used in experiments summarized in Figure 3 at concentrations below 400 ;&g no effect of poly-Llysine on PD was observed, while higher concentrations depolarized the PD. Eight hundred Ag poly-L-lysine per ml packed cells depolarized the PD by about -25 mV; addition of more poly-Llysine had no further effect on PD (Fig. 3) . The fact that there was no leakage from the vacuole of preloaded neutral red up to a concentration of 550 ug poly-L-lysine per ml packed cells showed that the tonoplast was not damaged (Fig. 4) . Higher poly-L-lysine concentrations seem to affect the tonoplast, since they caused the leakage of preloaded neutral red from the cells (Fig.  4) . The approximate amount of poly-L-lysine required to affect selectively the plasmalemma was not identical for different cell batches. This is probably due to differences in the amount of negative charges present in the cell wall. Only poly-L-lysine in excess to the cell wall binding capacity affects the plasmalemma. Figure 5 shows PD time course measurements for untreated cells and poly-L-lysine and polymyxin B treated cells. The kinetics of the establishment of the TPPjIn/TPP1L, ratio seems to be different for the control and treated cells. While the control cells required at least 3 h before reaching a relatively constant distribution ratio, poly-L-lysine treated cells had already reached a constant ratio after 30 min incubation. Treatment with polymyxin B during the first 60 min of incubation caused the same changes in TPP+ distribution as poly-L-lysine. However, after 120 min polymyxin B abolished PD completely (Fig. 5) , apparently due to more severe membrane damage and total leakage of cell solutes.
If poly-L-lysine induces pore formation in most of the cells, it should have the same effect on PD as compounds which prevent the establishment of electrogenic potential. The data in Table I show that the effects of poly-L-lysine, FCCP, and NaN3 are very similar. Poly-L-lysine and FCCP depolarized the membrane by 47% while NaN3 depolarized it by 35%. This difference could be due to some electrogenic potential in the presence of azide since azide would not prevent ATP formation by glycolysis; the proton pump would have some fuel (about one-third of that available in the absence of azide). This discrepancy between the azide and FCCP treatments occurred in all the experiments and was also observed by Rubinstein (15) and by Kovac and Varecka (7) .
It follows from these results that in the poly-L-lysine treatment, although only a small fraction of K+ leaked out of the cells (Fig.  6 ), most ofthe cells had lost their electrogenic potential, i.e. their plasmalemma had been short-circuited. The leakage caused by the poly-L-lysine treatment can therefore be considered as leakage from a relatively small compartment, i.e. the cytosol.
An incubation ofat least 3 h was necessary in order to measure TPP+ accumulation ratios in untreated cells. For this reason, TPP+ accumulation ratios for the various treatments were determined after this incubation period, although the rapid leakage induced by poly-L-lysine treatment (Fig. 6 ) was already over after 30 min (9) . This procedure was justified since the TPP+ ratio for poly-L-lysine treated cells remained constant from 30 to 240 min (Fig. 5) .
Distribution of K' between the Cytosolic and Vacuolar Compartments of Tobacco Cells Grown in the Presence or Absence of NaCI. For the cells used in these experiments the calibration described above showed that the minimal amount of poly-Llysine necessary to cause depolarization without affecting the tonoplast was 550 ,g/ml packed cells when cells were grown in the absence of NaCl. For cells grown in the presence of 85 mm NaCl an amount of 350 gg poly-L-lysine/ml packed cells was necessary in order to cause the same effect.
The leakage of K+ from Nicotiana cells grown in the absence or in the presence of 85 mm NaCl showed the same type of kinetics (Fig. 6 ). It can be seen from these results that although the total K+ content of cells grown in the presence of NaCl was 70% lower than in cells grown in the absence of NaCl (16 Amol/ ml packed cells [19] compared with 50 ,mol/ml packed cells), the K+ content and concentration in the cytoplasm were practically equal in both types of cells. The difference is in the K+ content of the vacuole. The relative amount of K+ in the cytosol (as compared to the total) is therefore greater in salt-grown cells than in cells grown in the absence of NaCl. The size of the cells grown in salt and their degree of vacuolation did not differ from cells grown in the absence of salt.
This result supports the widespread idea that plant cells under NaCl stress will retain their cytoplasmic concentration ofK+ and exchange their vacuolar K+ for Na+ (12, 16, 19, 20) .
